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Since the familiar paper by Elderton and Pearson 
('10) upon the physique and ability of children from al- 
coholic parents, much discussion has taken place on the 
relation of parental alcoholism to the condition of the 
offspring. A small proportion of this has been based 
upon experimental work with animals, as that of Stock- 
ard ('12 and '13), Stockard and Papanicolaou ('16 and 
'18), Nice ('12 and 13), Pearl ('17), and Arlitt ('19). 
From such studies there should be no hope of obtaining 
an immediate analysis of the human problem. In so far 
as alcoholism in man is sociological, involving factors 
of family life, environment and education, no study of 
laboratory animals can have significance. The way such 
studies may have a bearing upon the human problem is 
through the revelation of general biological reactions 
that may in all the animals available for study, be found 
so invariable that it becomes safe to conclude that they 
appear in man as well. How far the specific findings 
herein reported for white rats may apply to different 
animals is a matter for experiment and not conjecture. 
But even were such a biological analysis secured, the 
other phases of the human problem would not be solved. 

From the data at hand are there any indications of 
general biological reactions that may have significance 
for all animals? Stockard and Papanicolaou, with gui- 
nea pigs, found that alcoholization of parents gave un- 
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favorable results in the offspring; Pearl reported gener- 
ally favorable results in the offspring of treated fowl; 
Arlitt reported unfavorable results from mild doses on 
rats, while Nice, also with mild doses, found his test mice 
slightly better in growth and fertility but less active, as 
measured by the revolutions of the revolving cages in 
which they were placed, than the controls. Earlier, Hod- 
ges ( '03) had found the viability of puppies reduced by 
the treatment of their parents; the treated dogs, were 
less active and more susceptible to distemper; Laitinen 
('08) reported high rates of death at or soon after birth 
of guinea pigs and rabbits from treated parents. 

Accepting these general statements as correct, there 
appears to be no obvious uniformity in the results ob- 
tained by different investigators. But this lack of uni- 
formity may be only apparent; it is possible that not all 
the results as presented will be confirmed by subsequent 
investigations since none of the experiments reported 
have escaped unfavorable criticism from some stand- 
point. Alcoholism has such a multiplicity of aspects that 
it is a matter of great difficulty to arrange experiments 
concerning its effect on the offspring of treated animals 
that will be beyond criticism. For technique satisfac- 
tory to a physiologist may involve serious errors in the 
eyes of a psychologist, while the experiments of both 
may, to a geneticist, seem to have weak points. Until 
alcohol studies meet the requirements of all critics no 
final conclusions can be reached. In problems involving 
comparisons between experimental and control individu- 
als the nature of the controls is no less important than 
the comparison itself. However true this appears to be 
for all experimental work, it is surprising to note that 
the main adverse criticisms of the experimental studies 
of the influence of alcohol upon the offspring have been 
aimed at the controls. 

In spite of the general lack of uniformity in the results 
as they stand, at least one criterion appears to show con- 
sistency. This is the reproductive capacity of the treated 
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individuals. All the experiments appear to indicate an 
immediate reduction in the number of offspring. The 
uniformity of this result tends certainly to increase its 
value as a general result ; but even so, as long as the 
controls are subject to criticism, the apparent consistency 
may be due to the controls and not to the regularity of 
the reactions to alcohol. For a single result can not at 
the same time prove the reliability of the controls and 
the results of alcohol treatment. It is hoped that the 
controls employed in the following experiments will be 
found to approach the ideal of satisfying all require- 
ments. 

Methods 

In 1914 an investigation was undertaken upon the in- 
fluence of alcohol on the untreated descendants of white 
rats with the primary object of studying the behavior, 
or learning capacity, in different generations. In the 
summer of 1917 war conditions necessitated repeated re- 
ductions of the stocks until, by the end of the next year, 
the material was completely lost. This calamitous ter- 
mination of the work must be borne in mind, for, in spite 
of the final nature of this report, the data come from 
an investigation that was not completed. 

Material and Breeding. — The rats employed belonged 
to four strains'; three of these strains originated respec- 
tively from three pairs of rats in the Wistar Standard 
Stock, the fourth strain had been bred in this laboratory 
for three generations. All matings were between full 
brothers and sisters. "When 28 days old the litters used 
to start these experiments were divided into two lots on 
the basis of equal weight and equal numbers of each sex ; 
one of these lots was used as controls, the other was 
treated. All matings were between the original treated 
males and females or their descendants, or between the 
original control males and females or their descendants. 
In each generation the control matings parallel those of 
the descendants of the treated animals, so that each group 
of test animals in each generation had its own particular 
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group of controls. Since inbreeding was the rule, the 
closest possible .relationship for the tests and controls in 
the successive generations was secured; they came from 
a single pair of grandparents or great-grandparents, and 
were thus raised at the same time, and after the same 
number of generations of inbreeding. 

Treatment. — :The treatment of these rats was by means 
of the inhalation method, now made familiar by the work 
of Stockard and Pearl. The rats were placed in closed 
tanks filled with alcohol vapor ; these tanks have been de- 
scribed in detail elsewhere (MacDowell and Vicari, '21). 
Beginning at weaning (28 days) the rats to be treated 
were placed in the tanks for 30 minutes a day for 7 days. 
After this the duration of the daily treatment was meas- 
ured by the reactions of the animals; for the next 14 
days the rats were left daily in the fumes until they were 
obviously under their influence; subsequently the rats 
were left each day until they were completely anesthe- 
tized. This required from three to four hours for the 
older rats. 

Criteria. — The term treated is used to indicate rats that 
were placed in the alcohol fumes after birth. The fol- 
lowing generations are herein reported: (1) the treated 
rats, (2) the treated offspring, (3) the untreated off- 
spring, (4) the untreated offspring of (3) (second un- 
treated generation following one treated generation). 
For these rats the following types of data are given: 
the behavior in the maze, as measured by time per trial; 
behavior in a multiple choice apparatus, measured by 
the number of correct first choices ; fertility, judged by 
the size of the litters and the number of litters; body 
weight, as judged by growth curves based on weekly 
weighings. 

Maze-Behavioe 

Apparatus and Training.— -The maze used in this study 
was built according to the details given by Watson ( '14) ; 
namely, a concentric arrangement of five alleys with door- 
ways and blind alleys so arranged that the true path from 
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the outside to the center required a rat to turn alternately 
to the left and the right at successive doorways. A rat's 
training was started at the age of 56 days, after prelimi- 
nary feeding in the center of the maze on each of the 7 
preceding days. Three successive trials a day were given. 
After the first and second trials the rat was removed 
from the center as soon as it had tasted the food (bread 
and milk) which was always found there ; after the third 
trial, it was allowed to eat for five minutes. This train- 
ing was given for eight successive days. The observa- 
tions were so automatic that there was practically no 
possibility that the results were being influenced by an 
unconscious bias on the part of the observer. In the 
case of the treated rats the alcohol was given each day 
following the trials in the maze. 

Results. — The average time per trial for each clay of 
the training of the different groups of rats is represented 
in Fig. 1. The test rats, whether actually treated, or 
the descendants of treated rats, are represented by the 
broken lines, and their respective controls by the solid 
lines. The numbers of rats included in the different 
curves, beginning at the left, are as follows: 55 treated 
rats and 62 controls; 46 tests and 48 controls; 25 tests 
and 25 controls; 8 tests and 20 controls. The broken 
lines tend to lie above the solid lines. The tests tend to 
give higher time averages than the controls, that is, the 
tests took longer time to run a trial. The inferiority 
shown by the treated offspring from treated parents 
(fourth pair of curves), and by the untreated offspring 
from untreated parents and treated grandparents (third 
pair of curves) is of the same order of magnitude as 
that shown by the treated animals themselves ; untreated 
offspring from treated parents show less inferiority than 
their own untreated offspring. Considering the signifi- 
cance of the differences between the tests and controls 
for each day independently, the following results are 
f onnd : the differences between the tests and controls are 
over three times their probable errors on five days in the 
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first pair of curves, on no day in the second pair, on four 
days in the third pair and one day in the fourth pair. 
All the significant differences favor the controls. How- 
ever, more important than the significance of individual 
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Pig. 1. Comparisons of time averages in four groups of rats — those treated, 
their treated 1 and untreated children, and their untreated grandchildren. (Data 
for the third set of curves taken from MacDowell and Vicari, '21, p. 233.) 
Broken lines tests 1 , solid lines controls. 

differences as measured by the probable errors, is the 
agreement in the direction of the differences on succes- 
sive days. The fact that the differences on eight suc- 
cessive days lie in the same direction probably has more 
significance than that half of these taken separately may 
be significant as judged by their probable ei'rors. Con- 
sidering the signs alone, in all the curves there are three 
out of the 32 points of comparison showing the test av- 
erages lower than the controls. One of these cases is 
on the third day of training of the untreated rats from 
treated parents, the other two cases are on the second and 
third days of training of the treated rats from treated 
parents. If chance alone is working, the probability of 
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eight days giving differences in the same direction is the 
same as the probability of eight coins coming down all 
heads ; in the long run this will happen once in 256 
tosses. The chances of seven out of eight, 1 to 32, of six 
heads out of eight, 1 to 9. Carrying this comparison 
further by considering all the generations together, the 
chances of finding three cases favoring the tests out of 
thirty-two are in the neighborhood of 1 to 860,000. From 
all this it appears that the test rats are different, as a 
group, from the controls. Apparently the only differ- 
ence between the tests and controls that could explain 
this result is the alcohol treatment given directly, or in 
the ancestry of the test rats ; this leads to the conclusion 
that the difference in behavior is due to the alcohol 
treatment. 

Behavior in the Multiple Choice Apparatus 
The difference in the behavior of the tests and controls 
in the generation of the untreated offspring of treated 
parents is further shown by the training on the multiple 
choice apparatus. This is the only generation from which 
sufficient data were gathered for the analysis of behavior 
on this apparatus. 

Apparatus and Training. — The apparatus used in this 
training consisted of a linear series of nine compart- 
ments, with front and back doors operated at a distance 
by the observer (see Yerkes, '21, for history and uses 
of this apparatus). Different sets of front doors were 
opened for the successive trials and the rat was given 
its reward of food by raising the back door when it en- 
tered the "correct" compartment. The "correct" 
compartment was the one at the extreme right or left 
(according to the problem) of the series with open front 
doors. In successive trials, therefore, the correct com- 
partment was never the same one, and the solution of 
the problem did not depend upon the repetition of a reg- 
ular kinesthetic habit. The steps in the training were 
these: at the age of 65 days the preliminary training 
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was started; on the first two days the doors were all 
left open and food was exposed to view in every com- 
partment; the rats in groups of five or so were left to 
run at random in the apparatus. On the second two days 
the front doors were all open as before, but the food was 
concealed by covers fastened to the back doors, and when 
a rat entered any compartment the food was revealed by 
opening the back door ; the rats were run singly on these 
two days and given ten such feedings a day. On the 
last two days of the preliminary training only the regular 
series of doors were opened, but the rats were fed on 
entering any compartment (20 trials). 

Right-hand Problem. — In the first problem the rat was 
fed only when it entered the right-hand compartment of 
any set-up (those open in any trial) ; after wrong choices 
the rat was confined in the compartment for half a min- 
ute, and then, by raising the front door, was permitted 
to make further choices (10 days, 100 trials) ; next, the 
same problem was given with a different series of open 
doors (2 days, 20 trials). Further training was given 
in the form of a problem in which the correct door was 
the open one at the left end of the open series, but the 
results from this problem are so complicated that they 
will not be treated at this time. The main reason for 
this complication is the fact that at the end of the time 
allotted for the mastery of the first problem the test and 
control rats exhibited different degrees of perfection; 
some had made considerable progress in learning, while 
others had made very little advance. Accordingly, when 
the reverse problem was given, those that had learned 
the most were handicapped by the habit already ac- 
quired, while those that had not formed the required 
habit in the first problem were able to progress more 
rapidly in learning the second problem. 

Results. — From a study of the individual reaction ten- 
dencies as revealed in the last two days of the prelimi- 
nary training before the problem was presented, and in 
the regular training after the presentation of the prob- 
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lem necessitated the use of the trial and error method 
of finding the correct compartment, it appeared that the 
test rats continued the same tendencies in the regular 
training that were initiated in the preliminary training, 
but the controls, on the other hand, modified their re- 
action tendencies as soon as the regular training was 
started. This result is brought out by the curves in Fig. 
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Fig. 2. Showing the relationship for rats from treated parents between pre- 
liminary and subsequent performance in the multiple choice apparatus. Aver- 
age numbers of correct first choices are shown for each successive set of 20 
trials. The rats have been classified into groups according to their preliminary 
records. The figure shows that the behavior of the tests in the preliminary 
trials is a fairly goodi index of their behavior to the regular training, but the 
behavior of the controls in the preliminary trials gives very little indication 
of the later behavior. 
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2. The test rats have been classified into seven groups 
according to the number of right-end choices in the last 
twenty trials of their preliminary training. The first 
points of the lines given for the tests indicate the average 
number of right-end choices made by the rats in each of 
the groups in the preliminary training; the following 
points give the average numbers of correct (right-end) 
choices made by these same rats in successive sets of 20 
trials in the regular training. Since the procedure in 
the regular training is essentially different from that in 
the preliminary trials, the lines connecting the first and 
second points are drawn as arrows. The numbers at 
the ends of the lines give the numbers of individuals 
included in each group. The arrangement of the controls 
follows the same plan. Whereas the curves for the tests 
show a general parallelism, those for the controls are, 
with the exception of the group of four rats whose 
preliminary training gave between 12 and 14 right-end 
choices, relatively independent of the preliminary records. 
This matter can.be brought out more clearly by a study 
of the coefficients of correlation between the preliminary 
record of each rat and the trials in the regular training. 
When the correlation coefficients between the preliminary 
records and the first 20 trials in regular training, and 
between the preliminary and the second twenty trials in 
regular training, etc., are calculated, the figures in Table 
I are obtained. In every case the differences between 
the coefficients of the tests and controls (fourth column 
in Table I) show that the tests have higher correlations, 
and in all but the correlation between the preliminary 
trials and the last set of twenty trials in regular training, 
the differences are statistically significant. These re- 
sults indicate that there is a real difference between the 
tests and controls in the way they react to the necessity 
of using trial and error methods ; this may be due to a 
difference in responsiveness to changes in the situation. 
The tests appear to be less responsive to the changed 
procedure, since they continue the same general behavior 
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as in the preliminary training, whereas the controls mod- 
ify their behavior as soon as the change is made in the 
procedure. 

TABLE I 
Correlation Coefficients, Showing the Degrees of Similarity between 
the Number of Right-end Choices in the Last 20 Trials of 
the Preliminary Training and the Correct Choices in 
each Successive Set of 20 Trials in the Subse- 
quent Training in the Multiple Choice 
Apparatus. 



Trials Correlated 


Correlation Coefficients 


Difference 


D/P.E. 




Tests ! Controls 




Preliminary by 1st 20 trials. . . 
by 2d " " ... 
by 3d. " "... 
by 4th " "... 
by 5th " "... 
by 6th " "... 
by 7th " "... 


.688±.039 [ .139±.063 
.628±.045i .072±.075 
.592±.048 : .339 ±.067 
.444±.060 ; .070±.075 
.432±.061 .101 ±.074 
.489 ±.057; .049 ±.075 
.342 ±.061; .212±.072 


+.549 ±.074 
+.556 ±.087 
+.253 ±.082 
+.374 ±.096 
+.331 ±.095 
+.440 ±.094 
+.220 ±.094 


7.4 
6.3 
3.1 
3.8 
3.4 
4.6 
2.3 



All the coefficients are positive; the plus sign is used before the differ- 
ences to indicate that the coefficients for the tests are higher than the 
corresponding ones for the controls. 

In view of the above, the direct comparison of the av- 
erages of the tests and controls in regular training would 
lead to error unless the average performance in the pre- 
liminary training happened to be the same for both sets. 
In the long run this would undoubtedly be the case, but, 
as it happens, the averages for the tests and controls do 
not agree in the preliminary training. However, it was 
found that this difference depended upon the rats with 
strong right- or left-hand tendencies, for if these (those 
tests and controls with more than 12 or less than 3 right- 
end choices in the preliminary training) be omitted, the 
average of all the rest of the rats was the same for the 
tests and controls. Using the rats whose preliminary rec- 
ords' showed between 3 and 12 inclusive right-end choices, 
the averages for the curves in Fig. 3 were obtained. Start- 
ing with the same average tendency to enter the right-end 
compartment in the preliminary training, the controls 
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increase the number of correct first choices more rapidly 
than do the tests, and as the difference between the av- 
erages increases it becomes statistically significant. 

NQ OF 
CORRECT 
CHOICES 



DAYS PTUM 



Fig. 3. Average numbers of correct first choices in the multiple choice ap- 
paratus, in the preliminaiT training and in the following pairs of days, when 
only those rats are included which made from 3-12 correct first choices in 
their preliminary training, i.e., eliminating rats with strong tendencies either to 
choose or avoid the correct door, before regular training began. In this way the 
preliminary averages of the tests and controls are brought together and it be- 
comes possible to compare the averages in the regular training. 

Granting that the controls are adequate, the data on 
behavior indicate that a modification has been brought 
about by the alcohol; the generation showing the least 
absolute difference in maze-behavior is shown to be defi- 
nitely modified when the tests are made on a multiple- 
choice apparatus. 

Fertility 

Compared with the difficulty of measuring the behavior 
tendencies of rats, the measure of fertility is very simple 
and definite. However, the great amount of time required 
by the behavior studies prevented the collection of many 
of the available data on the purely physiological side. 
As a result of this, instead of the long list of criteria 
of fertility that have been given by other authors, it is 
possible to give only two with any degree of accuracy 
and completeness. These are: the number of rats in a 
litter, and the number of litters. A more detailed report 
on the data leading to the following conclusions may be 
found elsewhere (MacDowell, '22a). 
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Size of Litters. — A general tendency for the litters of 
the test rats to be smaller than the controls persists in 
the summaries of all generations. The difference be- 
tween the size of the litters from the original treated rats 
and the litters from the controls is equal to 10.5 per cent, 
of the size of the control litters. The treated offspring of 
the treated rats produced litters that were 10.3 per cent. 
smaller than the litters of their controls. It appears, 
therefore, that the treatment of the parents of the litters 
as well as the grandparents does not intensify the reduc- 
tion in litter size found when only one generation was 
treated. The untreated offspring from treated rats gave 
litters that were 11.2 per cent, smaller than their controls, 
and the untreated offspring from untreated parents and 
treated grandparents gave litters that were 13.1 per cent, 
smaller than the controls (see Fig. 4). These differences 
in individual generations are based on too few cases to 
be significant when compared with their probable errors, 
but when the numbers are increased by taking all the gen- 
erations together, the probable error is reduced so that 
the difference attains statistical significance (3.6 times 
its probable error). Litter size, then, gives a result not 
unlike that given by the behavior data: the tests are 
inferior in each generation, with no apparent relation to 
the proximity of the alcohol or the number of generations 
of treatment. 

Number of Litters. — Given equal time, the treated pairs 
produced 0.72 litter per pair while the controls produced 
2.07 litters per pair. This is a reduction of 6-4.8 + 3.3 
per cent, in the number of litters, and as it is 19.2 times 
its probable error, it is significant beyond all question. 
The test litters were slower in appearing than the con- 
trols. The treated rats from treated parents also gave 
fewer litters than their controls, but instead of a greater 
reduction than in the previous generation this second 
treated generation produced relatively more litters. The 
reduction was 35.4 + 6.9 per cent, of the controls. Com- 
ing to the rats not directly treated, the untreated rats 
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Fig. 4. Average Utter size for the controls and tests bearing the relation- 
ships to the alcohol treatment indicated. 

from treated parents gave 33.3 + 8.2 per cent, more lit- 
ters than their controls, and the untreated rats from un- 
treated parents and treated grandparents produced 55.6 
+ 8.4 per cent, more litters than their controls (see Fig. 
5). All of these differences are, without doubt, statisti- 
cally significant. 

Discussion. — .Two generations of treatment made less 
difference in number of litters than a single generation 
of treatment, and two untreated generations following 
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Fig. 5. Relative numbers of litters produced in equal period's by the test 
and control rats in different generations. Beginning at the left the test litters 
were produced by tbe following numbers of pairs : 44, 9, 10, 11 ; in each case 
the control litter's have been 1 given on the basis of equal numbers of pairs, 
although the actual numbers of control pairs involved were: 42, 12, 10, 13. 

the treatment produced more litters than the controls. 
The number of litters is strongly reduced when the pa- 
rents themselves are treated, but when the alcohol is more 
remote, the reduction vanishes and the untreated descend- 
ants of the treated rats produce more litters than their 
controls. To explain the reduction in the number of lit- 
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ters in the presence of alcohol along purely physiological 
lines would be a simple matter, but a genetic explanation 
appears to be required when it comes to the increase over 
the controls given by untreated descendants of treated 
animals. No general depression or stimulation will ac- 
count for the continuation of small litters together with 
the increase in number of litters in the generations not 
given alcohol directly. It seems necessary to assume that 
there are genetic factors influencing the number of litters ; 
alcohol prevents the reproduction of such females as carry 
factors working in the direction of lower reproductive ca- 
pacity, so that the litters come alone from females carry- 
ing higher litter-producing capacity; the next generation 
will produce higher numbers of litters than the unselected 
controls, for the controls still carry all grades of fertility, 
while the tests lack the genetically lower grades. The 
treated offspring of treated rats produced fewer litters 
than their controls, but genetically they were superior, 
as shown by untreated offspring giving more litters than 
their controls ; they were superior to the first generation, 
for, instead of a 65 per cent, reduction, they gave only 
a 35 per cent, reduction in the number of their litters. 
Whereas the immediate presence of alcohol reduces the 
number of litters, it acts to increase the number in the 
next generation ; therefore alcohol may produce two re- 
sults upon a single character in two generations. This 
could lead to much confusion were it not so easy to un- 
derstand the first result as the cause of the second. 

This selective action of alcohol will account for the re- 
sults from the number of litters, but will not account for 
the uniform results given by litter size. If this is a 
correct statement of the situation, it indicates that the 
number of litters is influenced by genetic factors that are 
not identical with those influencing litter size. Although 
such a distinction between genetic bases for the numbers 
of litters and litter size has apparently not been made, 
it is not difficult to conceive, for litter size is largely 
dependent upon the number and constitution of the germ 
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cells liberated, while the somatic condition of the mother 
plays a part in determining whether or not a litter will be 
produced. The results from litter size agree strikingly, 
qualitatively and even quantitatively with those of Stock- 
ard and Papanicolaou from similar studies with guinea 
pigs; the results from the number of litters agree with 
Pearl's on fowl in so far as they may be interpreted by 
assuming a selective action of the alcohol working upon 
existing genetic differences. In the fowl the alcohol ap- 
pears to select between germ cells ; in the rats it appears 
to select between mothers of different physiological and 
genetic grades. 

Weight 

The data on weight (see MacDowell, '226) form an ex- 
tensive series consisting of weekly weighings of practical- 
ly all the rats raised in the various generations herein de- 
scribed. Individual growth curves were plotted and from 
these the weights at six ages were taken for statistical 
study. This procedure was necessitated by the fact that 
all the rats were weighed on the same day each week, so 
that the rats were of different ages. The results are 
based primarily upon the males (see Table II), since the 
pregnancies of the females make their data less reliable. 
However, when the data from the females with arbitrary 
smoothing of the pregnancy peaks are summarized, the 
results so obtained support those given by the males. 
Each of the four strains shows that the treated rats grew 
more slowly than the controls. This is an influence shown 
by the population as a whole, although there are some 
individual treated males that remained as heavy as the 
heaviest controls. The untreated offspring of the treated 
rats tended to grow more rapidly than their controls. 
This result is not so clear as the opposite result in the 
preceding generation; the absolute differences are not so 
large and the strains do not show this in equal measure. 
Treated rats from treated parents barely differ at all 
from their controls. Very little can be concluded from 
the weights of the untreated offspring from untreated 



306 



THE AMERICAN NATURALIST 



[Vol. LVI 



W WW W W ' — 

i-l i-H i-l rH i-H P 





^ 




00 Ol iO Ol CO >0 


I> © '© iO <M © 


00 ^ © Xi © CO 


r 

© © IO CM rH TH 


f-H 




i-H lO 00 © GO IN 


©' H O rH r-i i-H 


CO tJH CM CM rH i-H 


© CM* © i-H i-H © 


Q 


















OOONhh 


CO i-l © 1-H 00 ^ 


NCO^CO^ H 


CO © -tH © © CM 








-iHrHOOCH 


l> CO © © -tf tH 


CO »0 © rH CM © 


© CO © © CM IO 




CD 




tH CN CO ^ ^ lO 


CM CO -rJH © © l> 


CM oi CO »o © l> 


lO IO r-H © © CO 




I 










^H i-H rH .-H 






-H-H-H-H-H-H 


-H-H-H-H-H-H 


-H-H-H-H-H-H 


-H-H-H-H-H-H 




a 




(N050HCO© 


U5 i-H CO CO l> © 


i-H © t- (M -^ iO 


1> CO TfH CO © T^ 




« 




WtOOOiOTP 


q co h i| h co 


CM -^ TH rH lO ^H 


© © © CO © CO 




3 




<N CM t> t> CM* CO 


CM CO © OS CO CM* 


© i— 1 © CO © © 


t*H CO to © CO iO 






.-I CM CO -hh CO 


1—1 


lH rH i— 1 i-H 


i-H CM i-H 








++++++ 


1 + 1 +++ 


1 1 1 1 1 1 


+ 1 1 1 1 1 






to 
o 


^ iO 115 © Ol (M 


© © © Tfi Tfi CO 


© © © 1> t>- t— 


!>©©©©© 


to 




& 


O «3 lO ^ CO CO 


i— 1 r-M i— | i— 1 i— 1 i— 1 


CM CM CM CM CM CM 


i— 1 i-H i— 1 i— 1 i-H 


u 

d 
o 
O 




CO 

w Si 

N 03 


lO lO CO i-H J> -HH 


HHNOOO 


CM CO © -^ 00 »0 


!>©©©©© 




OS CO <o l> OS CO 


CO CO CO lO lO © 


00 i-H I> r-t CO CO 


£6 CM © CO © CM 




c3 ^ 

(h CD 


cm os © cs i> t^ 


1-* i-H © I> © CO 


CO rl* I> CM O* GO 


© I> iO i-h CO © 




t>CNN-MiOI> 


00 CO © © CO lO 


© 00 i-H CO i-h CO 


CO © CM l> © CO 






H H N M (M 


i-H i-H CM CM CM 


i-H i-H tM CM 


i-H i-H (M CM 






to 

o 


© i-l i-t © 00 tF 


iO iO -^ ■* CM © 


© © © © © iO 


© i-H i-H i-H rH iH 


w 

CO 

CD 




& 


NN COiOCOCO 


i— I i— I i— 1 i— ( i— I i— ( 


CM CM CM CM CM CM 


rH r-( rH l— I i-H i— I 






CO © CO © OS 00 


© © © O CO © 


CO CO © © CM © 


© GO ^H CO © tH 




^ OCHCO CO 


00 © iO © CO t^ 


© VO CM CM tJH © 


© r-J IO © © iO 






© © © <M iO *0 


CO CO ©' CO CO lO 


CO VO I> iO ©* OS 


lO H i-H i-H © IO 






|> i-H "^ OS i-l CO 


CO CM © © CM -tf 


l> © CM © CO tH 


t^. i-H CO © CM CO 






H H H (M N 


HHHCMCM 


i-H i-H CM CM 


i-H i-H i-l CM CM 


0> 




in 
>> 


©©©©©© 


©©©©©© 


© © O © © © 


©©©©©© 


ciO 


« 


o3 


■^ © © (M i£) 00 


-* © © CM lO CO 


-<* © © CM iO 00 


■^ © © CM iO CO 


<5 




ft 




i-H i-H i-H 


i-H i-H i-H 


rH rH rH 




















cr 

■+. 
C 
c 


' 




c 

3 
















d 




rl 
















fciJ 




CD 
















TJ 




H 
















CD 

c3 




~o 
















p 




J= 
















4^ 




o 
















d 




5 
















c3 




o 

a 












0" 

-*- 




to 

d 




o 




to 


CO 


d 


a 

CD 




'a; 




+3 

CD 


HO 

d 

CD 


o 

o3 

a 




ti 




03 


c3 










-3 


CD 


"oS 


CD 

+3 








S 
o 


c3 
CD 


CD 


d 
d 








a 


*H 


g 


a 








£ 


a 


p 


o 








o 


o 


<4H 










* 


>J 


CD 


CD 








T3 


13 




-^> 








CD 


CD 


c3 


c3 








+3 


-u 


CD 


O 








CD 


c3 
CD 


U 

d 


d 








H 




H 




P 




£ 





No. 645] ALCOHOL AND WHITE BATS 307 

parents and treated grandparents. Two of the three 
strains represented in this generation show heavier aver- 
ages for the tests and the third shows heavier averages 
for the controls; when all the strains together are con- 
sidered (as in Table II), the test averages are higher at 
all ages. 

This shows a marked similarity to the results from the 
number of litters; just as the offspring of the treated 
rats appear to be genetically superior to the controls in 
the matter of litter production, so they are found to be 
superior in the matter of weight, with the result that 
when they themselves are treated, the immediate reducing 
effect of the alcohol makes them about equal somatically 
to their controls, instead of growing markedly slower as 
did their parents. This likeness in results leads to a 
similar interpretation for the weight as for the number 
of litters: the alcohol has acted as a selective agent, 
eliminating germinal material that included factors for 
slower growth. 

Discussion 

In view of the premature termination of these experi- 
ments no discussion or interpretation can be justified 
other than by its possible influence upon future work. 

The data on behavior and litter size taken alone may, 
if the controls are accepted as adequate, be considered 
to lead to the general interpretation of a direct and defi- 
nite modification of the germinal material brought about 
by the alcohol treatment. On the other hand, the data 
on the number of litters and weight, when taken -alone, 
agree in inviting the interpretation that the alcohol has 
acted as a selective agent upon germinal differences that 
were present in the germinal material of the original 
animals. One tendency pulls the race down, the other, 
by sacrificing the fullest reproductive expression of the 
treated individuals, tends to pull it up. The specific con- 
ditions found then are end-results that depend upon the 
interaction of different influences and do not measure di- 
rectly the amount of influence exerted by the chemical. 
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Obviously, the situation is complicated, and equally obvi- 
ous is the impossibility of proving the individual effects 
of two or more influences acting simultaneously. How- 
ever, in this case the evidence favoring one supposition 
(that of selective elimination of germinal material) is 
very much more convincing than that favoring the sup- 
position of germinal modification. So great, indeed, is 
this difference that the evidence of direct modification 
could easily be brushed aside and selective elimination 
be effectively championed as the effect of the alcohol, 
although even this involves two opposite results depend- 
ing upon the proximity of the alcohol. But if a true 
statement of the situation is desired, the conflicting evi- 
dence must not be brushed aside. 

If the germinal variability existing in the race is greater 
than the variability caused by the direct action of the 
alcohol upon the germinal material, the results actually 
obtained would be expected ; that is, the effects of selec- 
tive elimination would appear more striking in the end 
results. Since the reductions in litter size and in beha- 
vior stand in spite of an apparently much stronger racial 
improvement, these reductions give stronger support to 
the supposition that germinal modification is a second 
activity of the alcohol than is indicated by their magni- 
tude. 

The fact that so many different conclusions have been 
reached by different investigators from experiments with 
alcohol would in itself suggest very strongly that the ac- 
tion of this chemical upon animals is not simple and di- 
rect like the action of an acid upon a base, yet the general 
attitude toward the problem seems to have been that 
there should be a single answer, in one direction or the 
other, and that as soon as an investigator devises the 
perfect method, this answer will be disclosed. As long 
as such an attitude persists the alcohol problem will 
flounder about in the morass of futile and inconclusive 
papers. The moment chemistry, and later, experimental 
breeding, turned away from end results to the phenomena 
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behind them (elements or factors), new epochs were 
started in these sciences. The problem should not be to 
judge how bad are the results of alcohol, but rather to 
find through what channels alcohol may work. The final 
results will differ in different cases according to differ- 
ently combined influences of various sorts, just as the 
same combination of chemicals will yield different results 
under different conditions, and the same combination of 
genetic factors will yield various somatic expressions; to 
know the modus operandi of alcohol is fundamental. 

Conclusions 

1. Beginning at the time of weaning, alcohol was ad- 
ministered to white rats every day, in sufficient quan- 
tities, to cause complete anesthetization. This treatment 
appears to account for the following differences between 
the treated rats and their normal sibs : 

The treated rats — (a) took more time running the maze. 

(&) produced smaller- litters. 

(c) produced fewer litters. 

(d) grew more slowly. 

2. The treated offspring from the treated rats differed 
from their controls in the following ways: 

The treated offspring — (a) tended to take more time in running the maze, 

(&) produced smaller litters. 

(o) produced somewhat fewer litters. 

(d) grew at a very slightly lower rate. 

3. The untreated offspring from the treated rats dif- 
fered from their controls in the following ways : 

The untreated offspring — (a) took a. very little longer in running the maze. 

(6) produced smaller litters. 

(c) produced moro litters. 

(d) wero heavier. 

4. The untreated offspring in the second generation 
from alcohol treatment differed from their controls in 
the following ways : 
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The second generation of untreated offspring — • 

(a) took more time dn running the maze. 
(6) produced smaller litters. 

(c) produced more litters. 

(d) were somewhat heavier. 

5. From these results it is concluded that the action of 
alcohol is complicated ; that it works in two or more dif- 
ferent ways. The data on hehavior and litter size suggest 
that the alcohol may modify germinal material directly. 
The data on the number of litters and growth indicate 
that the direct effect of alcohol upon these characters is 
in one direction and that its indirect effect is in the op- 
posite direction ; this may be interpreted by the assump- 
tion of a selective role played by the alcohol. It is urged 
that the alcohol problem can be settled biologically only 
when, instead of generalizing from the quality of specific 
end results, we deal with the channels through which al- 
cohol may work. 

Cold Spring Harbor, 
February, 1922. 
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